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The conversion of biomass directly to electricity by the action of bacteria has been known for twenty 
years or so, but this benign, environmentally friendly electricity source is now being actively 
investigated with promising results.  
 
The study presented here had the aim of investigating the possibility of setting up a bio-battery, using 
locally available bacteria and measuring the battery’s properties including its power output. 
 
Bacteria of unknown species were harvested together with an iron and nutrient rich sample of black 
sediment from a suburban fishpond. The electrodes were formed from strands of carbon fibre, 
consisting of many individual filaments, to provide a large area substrate for the bacteria to colonise. 
The anode was immersed in sediment, while the cathode was suspended in plain water above and 
parallel to the anode. The process of setting up the cells proved to be remarkably easy and a small 
voltage was developed immediately.   
 
The battery of four cells in series has performed flawlessly now for 16 weeks and after an initial 
increase has maintained a high stable voltage over a period of time.  The voltage output of individual 
cells has fluctuated, but has reached up to nearly 0.8 V per cell.  The battery is currently capable of 
maintaining a constant current of over 4 µA at an output voltage of 1.6 V.  The calculated energy 
generated by the battery during the second six weeks of operation is 28 joules. Biomass has an 
energy content of up to 20 MJ/kg, so even a few grammes of material used in each cell will give it a 
long lifetime. 
 
The voltage output of 1.6 V is quite useable.  However, it is the current that needs to be improved in 
order to increase the output power.  Present investigations involve increasing the area of the 
electrodes to see if, by providing more space for the bacteria, a greater current will result. 
 
To utilise the present battery would require a component such as a capacitor, or a rechargeable 
battery  to continuously store energy at the low rate produced by the bio-battery until it has sufficient to 
provide a higher power for a short period of time in a suitable application.  Thus, a LED could be used 
to provide periods of illumination or the power could be used for short periods of time to run an electric 
motor, a piezoelectric audio device, a radio receiver or a radio transmitter. 
1. INTRODUCTION 
The phenomenon of conversion of biomass directly to electricity has been known for twenty years or 
so, but only recently the promise of much higher efficiencies has caused a resurgence of interest and 
the study has focussed on new bacteria systems.  (Reimers et al 2001, Bond et al 2002, Tender et al 
2002, Bond and Lovley 2003, Chaudhuri and Lovley  2003, Scholz and Schroder 2003).  Because of 
the concern in the world about future energy supplies, contemporaneously with the recent academic 
publications, the popular scientific press has also carried a number of articles on the subject (Khamsi 
2003, Whitehouse 2003, Viette 2003, Eisenberg 2003, Ball 2003A, Ball 2003B, Ball 2004, Graham-
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Rowe 2004).  The availability of a wide range of chemical batteries would appear to mean that to be 
competitive, any alternative must have features not available in current designs.  Some of these are: 
low cost, environmentally friendly – low toxicity and corrosion, low maintenance, long life, locally 
available materials, renewable.  These advantages have to be considered against the low power and 
low power density available.  However, since biomass can have an energy content of up to 20 MJ/kg 
the potential is great. 
There is also considerable added interest due to the fact that some bacteria can convert hazardous 
materials to safer ones, while at the same time producing electricity.  (Liu et al 2004, Biever 2004, 
Graham-Rowe 2002, Graham-Rowe 2004) 
2. EXPERIMENT 
Locally available bacteria were harvested from an oxygen-deficient but iron and nutrient rich 
environment in a garden pond.  The source was iron rich since the pond level had been maintained 
over a period of three years by filling with bore water, which develops a visible iron oxide precipitate 
within a short time of being added.  Nutrients are available in the form of fish excreta, decaying water 
plants and leaves and dust from the surrounding garden.  This environment has led to the 
accumulation of 20 to 30 millimetres of black sediment.  The sediment collected was predominantly 
from the lower half of this layer. 
 
The electrodes were made from carbon fibre strands containing 3000 individual fibres each about 
7.1µm in diameter.  A 2.0 m length of this was spread out and arranged in a plastic petrie dish 85 mm 




















                Figure 2  Spacers for electrodes 
 
 
Figure 1  Electrode showing dispersed carbon  
fibre and strand for electrical connection.  
 
The total surface area of the carbon fibre substrate was 0.134 m2. The electrical connection was made 
via an additional 400 mm of the carbon fibre sealed in heat-shrink tubing.  About 0.0022 kg dry weight 
of sediment was added to form the anode of the cell.  The cathode was constructed in a similar 
manner, but without the sediment.  The electrodes were arranged with the cathode above the anode in 
2 L PET soft drink bottles with their tops cut off and were separated by 145 mm by the use of a 
spacer.  Details can be seen in Figures 2 and 3.  Plain tap water was carefully added and some minor 
agitation was employed to remove air bubbles.  Care was taken to not disturb the anode and its 
sediment.  Some completed cells are shown in Figure 4. 
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Figure 3  Dry assembly of cell, showing  
























Figure 4  Battery of four 
cells showing 
multimeters and load 










2.1  Measurements 
 
Measurements were made to provide data with which to answer four major questions.  Does the cell 
work?  How long does it take to become established?  What is the potential power output?  How long 
will the cell continue to operate? 
 
These required monitoring of the voltage and current output over an extended period of time.  A digital 
voltmeter was used to measure the voltage of each cell from the moment of completion of the filling 
procedure.   The voltage was subsequently checked at approximately daily intervals.  At weekly 
intervals the four cells were connected in series to form a battery which was connected to a load 
resistor and the resulting current was monitored along with the output voltage.  The value of the load 
resistor was chosen to give a predetermined current draw of 5 µA and was connected until the voltage 
fell below 1.4 V.  As time progressed, it was found that the battery was able to supply 5 µA without the 
voltage declining to this level; in this case the voltage and current were monitored for about an hour.  
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It proved very easy to set up each cell.  There were only two real problems: it was necessary to fill the 
bottle with water very carefully to avoid the sediment being displaced, and to ensure that any air 
bubbles were removed from the plastic petri dish lids to avoid the electrodes floating out of position.    
 
















Figure 5  The graph shows how the voltage became established immediately after assembling 
igure 5 shows the development of initial voltage for one of the cells.  A voltage was registered 
one of the cells. 
 
F
immediately after the water was added, which rose rapidly over the first hour. This first stage 
corresponds to the bacteria moving to the carbon fibres and commencing to feed and in the process, 
giving up electrons to the electrode.  This answers, in the affirmative, the question “are you there 
bacteria?”  The voltage continued to increase more slowly up to nearly 0.8 V per cell over a period of 
several weeks.  This was a result of an increase in the number of bacteria as they continued to 
multiply in the favourable conditions.  Figure 6 shows the variation with time of the individual open 
circuit voltages recorded for the four cells making up the battery, together with the average voltage.  
There is evidence of a degree of variability as one might expect from a relatively uncontrolled natural 
process.  Cells a and g both perform close to the average, whereas, cell d appears generally better 
than this and cell b generally worse.  Some of the oscillations seen in the output voltages may be due 
to temperature changes.  The effect of temperature has not yet been specifically investigated, but it 
had been noted that the voltage did appear to increase during warmer weather. 
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Figure 6  Voltage output of the four individual cells making up the battery.  Line S (in red) is the 
average voltage produced by the cells: i.e.  the battery voltage divided by four. 
 
To test the power output the battery was connected to a load resistor of 250 kΩ  which had been 
determined to produce a current of about 5 µA.  The resulting output voltage and current were 
monitored as a function of time.   
 













Figure 7  Voltage, current and power as a function of time when a load resistor is connected 
across the terminals of the battery. 
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For each pair of voltage and current values, the corresponding power was calculated.  One such 
series of measurements is shown in Figure 7.  It should be noted that the voltage was measured prior 
to the connection of the load resistor and changed very little during the interval when the connection 
was made.  During the same time interval, the current went from zero, to its maximum value and then 
declined.  The resistor remained connected until the voltage fell to 1.4 V.  The area under the graph of 
power against time gives the energy produced by the battery.  It can be seen that, for this series of 
results, the voltage and current become nearly constant after an initially rapid fall.  When the load 
resistor was removed the battery was allowed to recover.  This recovery in voltage during this time can 
be seen in Figure 8. 
 



















Figure 8  Recovery of open circuit voltage after a period of load 
 























Figure 9  Power generated over an extended period of time 
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The measurements described above were repeated at approximately weekly intervals. The power 
output of the battery of four cells in series had increased in magnitude as shown in Figure 9.  The rate 
of increase in power is almost linear over the first 30 days, after which, although oscillating, it 
remained more or less constant at an average of just over 6 :W.  The area under the curve gives the 
total energy that might have been produced had the load been connected continuously.  This 
corresponds to 8 J in the first 30 days and 19 J in the following 35 days.  After over three months of 
operation, the battery is still producing power from its original charge of nutrient with no sign of 
depletion. 
4. DISCUSSION  
Biomass has an energy content of around 20 MJ/kg dry weight. (Reed, 2004)  Hence, if the 
conversion to electrical energy was 100 % efficient, the 0.0022 kg used in each cell might yield up to 
44 kJ. The current density at the electrode was about 45 µA m-2, this is much lower than that reported 
by Bond and Lovley (2003).  An obvious target for research is to increase the current.  This would 
appear to be related to the number of a given bacterium and in turn related to the area of the electrode 
available for colonisation by the bacteria.  If the output current is taken to be a measure of the extent 
of colonisation of substrate, then there are two possibilities: either the substrate is fully colonised and 
the current is limited by the type of bacteria or, the substrate is only partially colonised and the low 
current reflects this.  If the former is the case an alternative would be the cultivation of a more 
productive bacterium, but this is beyond the scope of the present work.  Another possibility is to 
increase the surface area of the substrate. To investigate this, the experiment is being repeated with a 
battery of cells with electrodes made from a different carbon fibre material with many more individual 
fibres in which the substrate surface area has been doubled.  Miniaturisation is another direction in 
which the work could be developed.  The spacing between anode and cathode in the cells was set 
quite arbitrarily.  However, we have done some work on reducing the distance between electrodes.  
Other workers have used an ion exchange membrane to separate the electrodes; this would enable 
the size of the cell to be reduced considerably to give an improved power density. 
5. CONCLUSIONS 
Setting up the cell was quite easy, providing some care was taken.  In all, over ten cells have been set 
up during the investigation and all performed flawlessly, each producing a voltage that increased 
rapidly over a period of a few days and able to supply a small current.  It appears that it can take about 
30 days for a cell to become fully established and reach a steady output voltage and the ability to 
sustain its maximum current.  The power output obtained in this initial investigation was quite small. 
However, our measurements show the potential for considerable improvement in this area.  Some of 
our early cells are still operating at a reasonably stable level after a period of over 3 months. 
   
Whilst, at the moment, the output would not provide sufficient power for a large range of applications; 
there are a few, such as remote monitoring, warning or signalling devices which could be powered by 
such a battery.  We can envisage a system that stores energy at a low rate from the bug battery until it 
has sufficient energy to provide a short, but higher power pulse to an application.  This could involve a 
rechargeable battery or a super capacitor, depending on the timing and frequency of operation.  As an 
output device an LED would be an obvious first choice but it could be an electric motor, a piezoelectric 
sound device or a radio signal. 
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